In this paper, phosphorus fixation in calcareous soils is controlled by means of rosin-coated diammonium phosphate pellets, with several rates of phosphorus release. Four soils from arid regions in the Spanish south-east were chosen and separately treated with one of the following fertilizers: superphosphate (SP) or diammonium phosphate (DAP) coated with 0, 10 or 22% rosin with a dosage of 1000 Kg P/ha. After treatment, the soils were incubated for 8 months, in the course of which samples were taken to evaluate the evolution of P availability by means of the electroultrafiltration (EUF) technique.
Introduction
A widely studied problem of agricultural soils in arid and semi-arid regions is the low phosphorus availability caused by intense calcium phosphate fixation.
Such soil behaviour causes a lack of response to phosphate fertilization. Farmers have therefore developed a negative attitude towards such fertilization in view of the theories held by some authors, such as Taha et al. [12] , which establish that the uptake of phosphorus in these soils is very low and does not significantly increase by raising the amount of phosphate fertilizers.
Arvieu [1] stresses the same point and establishes that phosphate fertilizer added to calcareous soils in Morocco gives rise to the formation of compounds in the following sequence: dicalcium phosphate, hydrated tricalcium, octocalcium, amorphous apatites and finally hydroxyapatites. This process is related to its degree of weathering and its insolubility in soil is therefore a question of time.
The idea that the period of time immediately after using the fertilizer is the only one in which a plant can absorb P is widely found in relevant literature [9] . This is precisely the principle used by some researchers [7, 15] to improve the effectiveness of phosphate fertilizers by using them in timing dosage so that the plant can absorb the P before irreversible fixation sets in. On the basis of this principle, it was our aim to use a protective coating with granulated fertilizers to make soil-fertilizer contact difficult and, at the same time, to allow controlled release to coincide, if possible, with the plant's rate of absorption.
Consequently, the aim of this paper is the control of P fixation in calcareous soils by using rosin-coated diammonium phosphate granules and different phosphorus release rates [8] . Their use is meant not only to reduce the fixation of phosphorus in these soils, but also to evaluate the effect of the coating thickness and its resistance to weathering in order to obtain P desorption kinetics by which P is more available to the plant [2] .
Materials and methods
Four calcareous type soils were chosen for the experiment, all from the Spanish south-east (Alicante and Murcia), one in a natural state (No. 4) and the others with an arable layer (cultivated soils Nos. 1, 2 and 3). Table 1 shows their physico chemical properties.
The experiment was carried out in an incubation chamber at a controlled temperature of 20°C. 60 pots without a leaching device were used and 1 Kg soil was placed in each. The following treatments were used with each soil at a dosage of 1000 Kg P/ha: Since superphosphate is traditionally used as a fertilizer with these types of soil, it was used together with diammonium phosphate (DAP) as controls to be compared with the coated DAP's. Each treatment was tested in triplicate. During the experiment, the pots were watered to field capacity once a week, and so the soil was allowed to dry out before the next irrigation, establishing conditions similar to that of the natural habitat. The coated diammonium phosphate fertilizers were obtained by following the procedure developed by Jim~nez et al. [8] i.e., the diammonium phosphate granules were treated with rosin to which tricalcium phosphate was added to give the coating the desired porosity.
In order to evaluate the evolution of P available throughout the experiment, samples were taken as follows: (sample 0) before fertilizing, (sample 1) a month after fertilizing, (sample 4) after four months and (sample 8) after eight months of using the fertilizer. Control of P availability in the soil was established by using the electroultrafiltration (EUF) technique [5, 10] . After passing a dry out 5 g soil sample through a i mm screen, it was subjected to the EUF process in a VOGEL 724 unit and the following programme:
30 min 20°C 200 v 15 mA Fraction II: 5 rain 80°C 400 v 150 mA
In the extracts, P was determined colorimetrically by using the ammonium molybdate method and an AAII Technicon analyser. The parameter used for controlling the availability of phosphorus in the soil was EUF-P (I). The exchange elements were determined by displacement with an ammonium acetate solution at 7 pH. K, Na and Ca were determined in the extract by flame spectrophotometry and Mg by atomic absorption spectrophotometry. Soil pH was measured in water-saturated paste and in a KC1 solution by means of a glass half-cell. The soils organic matter content was determined by using the Walkley-Black oxidation method [13] and total N by the Kjeldhal method. Carbonates were determined by using gasometry with the CO 2 released from the soils being treated with HC1 1 : 1. The Drouineau [6] method was used to determine active calcium by means of extraction with 8 pH ammonium oxalate whilst the excess was evaluated with potassium dichromate afterwards. Electrical conductivity (EC) was determined in the solution obtained from filtering the saturated soil paste in water.
Results and discussion Table 1 shows the physico chemical properties of the soils. Although they are all calcareous in nature, noticeable differences can be seen. The clay and organic matter content decreases from soil 1 to 4. Although pH values are very similar, the content of exchange Ca is higher in soil 4 compared with the others.
One of the aims of the study was to establish a possible relationship between the calcium parameters of the soil and the response to phosphate fertilization. The results given in Table 2 show that there is a paralellism between EUF-Ca 20°C [14] establish that the EUFCa 20°C values required for adequate P absorption by sugar beet are 45-50 mg/100 g in the soil. On the other hand, Diez [4] , establishes an optimum EUF-P 20°C/EUF-Ca 20°C ratio of 0.04 and, parallel to it, an EUF-P 20°C level of 1.2-1.6, depending on the P reserves. As regards the information provided by the active Ca, it may be of use for other agricultural purposes, but it cannot be used as a basis for the evaluation of possible phosphorus fixation in calcareous soils. This becomes evident when the values given in Table 2 are taken into account.
Soil 1 with the highest active Ca level also happens to be that with the best response to phosphate fertilization. In order to evaluate the effects of fertilizers on the available P, curves were drawn showing the evolution of EUF-P 20°C for each of the fertilizers tested in relation to the time of incubation. month after application.
Figure la shows the curves for soil 1. A month after using the fertilizer, P increases significantly in all treatments. This result agrees with that of Nemeth et al. [11] in Pakistani soil in which they observed an increase of precisely this parameter when they analysed the soils a short time after using the fertilizer.
However, in the course of time (4 months) a heavy decrease of EUF-P 20°C is observed in the SP treatment, which also coincides with the results given by the aforementioned authors, who interpret it as being caused by the formation of octocalcium phosphate and, finally, of apatite. By way of contrast, the use of DAP clearly mitigates the decrease of P. This difference in behaviour becomes more pronounced in the course of time, so much so that after 8 months, DAP 22% was capable of practically maintaining the same EUF-P 20°C level as in the first month. There were no differences worthy of special mention between SP and DAP 0%. In both cases phosphorus is heavily immobilized in the course of time. DAP 10% shows a behaviour half-way between the uncoated fertilizers and DAP 22%.
Soil 2 (Fig. lb) also shows a noticeable EUF-P 20°C increase with fertilization, the SP treatment being especially outstanding. But after 4 months, the fixation of P becomes evident, causing a heavy decrease of its availability, which is more visible in the case of SP. As an exception, it was found that uncoated DAP maintained higher P levels than those of the coated DAP's. No clear explanation was found for this behaviour except for the fact that it was precisely this soil in which somewhat lower EUF-Ca 20°C, exchange Ca and active Ca values were found compared with the remaining soils.
It is the only soil in this study in which a thicker coating did not prove to be an advantage to the control of phosphorus fixation even though the higher EUF-P 20°C levels, detected with DAP's but not with SP, are obvious. Soil 3 (Fig. lc) behaves similar to soil 1. After the first month, the highest P value was obtained with SP.
It decreased rapidly in the subsequent months. The DAP's, on the other hand, manage to maintain higher EUF-P 20°C levels until the end. In this case there is also a clear beneficial effect due to the coating: the thicker it was, the smaller was the EUF-P 20% decrease in the soil as time went by. Finally in soil 4 (Fig. ld) , the phosphorus fixation conditions stand out more clearly than in the other soils. After fertilization, EUF-P 20°C only reached 0.2 mg P/100 g with SP. The DAP's coating however, has a protective effect which contributes to maintaining the EUF-P 20°C levels for longer periods of time. The best response was obtained with DAP 22%. The chart shows that the EUF-P 20°C variations are minimal due to intense P fixation caused by the high Ca levels in the soil (EUF-Ca 20°C and exchangeable Ca). Results obtained in this case clearly show that phosphate fertilization in such soils is impracticable. The coating of fertilizers in itself is of little benefit to the critical situation of availability in the soil.
The variance analysis of the EUF-P 20°C variable, jointly calculated for the four soils analysed ( Table 3 ), shows that there were significant differences between the fertilizer treatments and the different incubation times. By way of contrast, there were none among the soils nor among the replications, which proves the quality of the experiment. A significantly positive interaction is also observed between the fertilizer treatments and time.
The comparison of resources-media between treatments in the variance analysis of each of the soils (Table 4 ) shows significant differences between the control and the other treatments, and also between DAP 22% and the rest. Only in soil 2 were there differences between SP and DAP 0% (uncoated). 
Conclusions
Some conclusions may be drawn from the results of the experiment. Among the calcium parameters with the greatest influence on phosphorus fixation are EUF-Ca 20°C and exchangeable Ca. However, no direct relation with that effect has been found in connection with carbonates and active Ca. Consequently, the response to phosphate fertilization in calcareous soils could be in inverse proportion to the EUF-Ca 20°C values detected in the soil. This study again shows the low effectiveness of the use of SP for phosphate fertilization in these soils due to its rapid fixation. The use of DAP 0% has slight advantages over SP depending on the soil. By way of contrast, the use of DAP with a 22% rosin coating has clear advantages for controlling phosphorus fixation in calcareous soils. In addition, the stability of its coating could make it possible to maintain the availability of P for periods of time sufficiently long for a crop to develop.
This study is the beginning of a line of research to be improved upon in the future in order to develop new coated phosphate fertilizers capable of reducing phosphorus fixation in calcareous soils. At the same time, they should reduce the required amounts to economically profitable levels by maintaining the availability of P in the soil for the necessary period of time.
